The bronchial epithelium and particularly the basal stem cells are considered to be the tissue predominantly at risk from the inhalation of radon daughters. Theoretical calculations of the dose to the epithelium tend to be uncertain, however, because of the difficulties in estimating the deposition of particles to which the radon daughters are attached, as well as the efficacy of the clearance mechanisms and the thickness of the mucus layer. ' The cumulated information from studies in several countries indicates that a life-time exposure, taken as 30 years of underground work at the present standard of 4 WLM/year, or 120 WLM in total, might result in an excess of lung cancer greater than twofold.' In view of a possible adverse effect also from low
Bronchogenic lung cancer is a well-established occupational disorder in uranium miners and in other miners with exposure to radioactive decay products of radon (radon daughters).' Recent studies of various mining groups seem to indicate that an increased risk of lung cancer mortality may persist even at the usually applied exposure standard of four working level months a year.2 This standard is a concentration-time product, and one working level month (WLM) is defined as an exposure for 170 hours to a concentration of one working level, which is any combination of short-lived daughters of 222 radon per litre of air that will result in the ultimate release of 1 3 x 105 MeV of alpha energy during complete decay through radium C' (polonium 214) .
The bronchial epithelium and particularly the basal stem cells are considered to be the tissue predominantly at risk from the inhalation of radon daughters. Theoretical calculations of the dose to the epithelium tend to be uncertain, however, because of the difficulties in estimating the deposition of particles to which the radon daughters are attached, as well as the efficacy of the clearance mechanisms and the thickness of the mucus layer. ' The cumulated information from studies in several countries indicates that a life-time exposure, taken as 30 years of underground work at the present standard of 4 WLM/year, or 120 WLM in total, might result in an excess of lung cancer greater than twofold. ' In view of a possible adverse effect also from low Received 6 July 1982 Accepted 3 August 1982 levels of exposure, in several countries there is now a growing concern about the consequences of increasing radon concentrations in dwellings due to decreased ventilation for energy saving purposes; in Sweden a 2-5- A subset of the two series was also used for more detailed evaluation of the effects of smokingnamely, those who, according to the occupational title in the register, had been miners. Each of the miner cases in the subseries was matched with a dead referent who had not died from cancer, was also a miner, and, according to the register of deaths and burials, had the same year of birth (+6 years) and year of death (+2 years).
To measure the risk of lung cancer, the necessary estimation of the background population of the parish during the study period was made by taking the (1-0) (1-0) 11-7
(1 0) 53-26 0 average of the censuses from 1965, 1970, and 1975 . The censuses use the age strata corresponding to 50-64 and 65 and older.
ASSESSMENT OF OCCUPATIONAL EXPOSURE AND SMOKING
Lists of the subjects were submitted to the mining company for the identification of those who had been employed and for the detailed assessment of working time underground (first and last year). Information about smoking habits in the matched series of cases and referents of miners was obtained by telephone interviews with the next of kin of the deceased subjects. People who had never smoked or had stopped smoking more than 20 years before death were considered non-smokers.
The first measurements of the radon daughter levels in the mine were made in 1969-70 and showed levels in the range of 0-3 to 1 0 working level. The levels before 1969 can only be estimated, but according to the information available about changes in the ventilation system, it seems reasonable to suppose that the average exposure levels for the period 1920-69 was about 0-5 working level, somewhat lower before the introduction of the mechanical ventilation in 1955-6 and slightly higher thereafter until 1970, when the modern force ventilation system was introduced. With this new ventilation, the levels have been reduced to well below 0-3 working level.
STATISTICAL METHODS
The statistical analysis of the data were based on the Mantel-Haenszel procedure for the calculation of p-values (taking the form of the McNemar test for the matched series) and for the estimation of the overall rate ratio.9 The determinations of the standardised rate ratios and approximative (test-based) confidence intervals of the rate ratios follow the principles outlined by Miettinen.ioii Results There were 38 cases and 503 referents available for 1967-77 (table 1). The crude rate ratio for lung cancer among the underground workers compared with nonexposed individuals in the parish was 11 5. Since the standardised mortality ratio (SMR) was also 115, there was no indication of confounding from age (a further analysis using four age strata showed no confounding from age). With regard to the analysis of the influence of smoking, there were some losses of subjects due to the difficulties in assessing exposure time or smoking habits and finally only 28 pairs (case and referent) remained for the analysis. Ten pairs were discordant for smoking; in six pairs the case was aw smoker and in the remaining four the referent was a smoker. The rate ratio for lung cancer among smoking miners as against non-smoking miners was consequently 1.5 (table 2). The exposure time underground for smokers was 29 years and for nonsmokers 29 4 years. Smoking referents had an average exposure of 26-9 years and the non-smoking referents were exposed for 25-7 years. Dissolving the pairs did not change the risk ratio of 1 5, indicating no particular confounding from the matching factors. Allowing for the differences in exposure time between smokers and non-smokers by stratification on duration of underground work (<28; -28 years, dichotomising at the average) still resulted in an SMR of 1.5.
Based on, the census information about the population of the parish and the proportion of exposed and non-exposed referents (table 1), the average size of the exposed population during the study period was estimated as 417 individuals (according to the mining company about 420 were occupied in underground work during the period). Thus in the calculations an average of 417 were considered to constitute the exposed group during the study period of 12 years (1966-77) with 244 aged Because of the uncertainty in the estimation of the exposure level, some alternative calculations should be considered, based on the measurements from 1969-70 which showed a range from 0 3 to 1-0 working level. The derivable risk estimates would then be from 13-0 to 43*2 and from 27-2 to 90 5 cases per 106 person-years and WLM in the two age groups, respectively. Taking the random variation into account an even broader range might be discussed, however. Some migration apparently takes place in and out of a parish but the case-referent approach is preferably applicable to dynamic populations, '" and no distortion of the material in this respect would be expected, unless a differential migration has occurred with regard both to exposure and cause of death, a phenomenon that is unlikely. With regard to the matched series, it should be emphasised that only referents having died of a non-malignant disease were selected. The reason is that the exposure (smoking) might cause not only the disease under study (lung cancer) but also other cancers 2 and the inclusion of these would tend spuriously to increase the frequency of smoking among the referents compared with the source population for the cases. Therefore, the inclusion of other types of cancers, some of them being related to smoking, would have given an even lower rate ratio for lung cancer than the one obtained for smoking miners as against non-smoking miners. Still, the well-known relationship of smoking and cardiovascular disease'2 would be expected to give a somewhat high frequency of exposure among the referents and consequently a conservative risk estimate.
The observation from some other mines that even non-smoking miners have about the same risk as the smokers of developing lung cancer has been discussed elsewhere from a pathogenic point of view.I3 'I ' Thus various physiological or pathological processes in the mucous membranes of the respiratory tract might affect miners and change some of the dimensions that are critical with regard to the possibility of the alpha radiation reaching -sensitive structures in the bronchial epithelium. An increase of the thickness of the mucous lining, say, due to dust or to irritants in the mine atmosphere, may protect against the short ranging alpha radiation. A breakdown of the cylinder epithelium, on the other hand, might tend to decrease distances and enhance the effectiveness of the radiation.
The validity of information about smoking habits as obtained through interviews with next of kin may be criticised with regard to a "memory bias."
Generally speaking, however, this critical point of assessing exposure through interviews has been recently studied in the context of occupational health epidemiology, and an acceptable agreement between interviews and other sources with regard to the occupational exposure'5 and smoking histories '6 has been found. In principle, a random misclassification of smoking would tend to level out the risk of lung cancer between smokers and non-smokers, but hardly to the extent seen in this study. The slightly longer exposure time for smokers could mean some confounding in this particular context and might marginally contribute to the increased rate ratio for the smokers compared with the non-smokers. Since dissolving of the pairs did not change the ratio of 1 5, the matching factors seem to imply little or no confounding, however, and since the stratification on duration of underground work (<28 and -28 years) gave an SMR of 1 5, the interpretation would be that in this context there is no pertinent confounding from exposure time to underground mining.
The rather high risk of lung cancer among the miners as compared with non-miners is partly explained by the fact that the local population becomes the reference in this case-referent approach, and Grangesberg is a small town with a low background of lung cancer mortality. A comparison of the lung cancer mortality in Grangesberg with the national average shows that the lung cancer mortality among the exposed miners is "only" about six times that of the national average (table 4) .
Epidemiological studies of several groups of miners with exposure to radon daughters have shown an excessive incidence of lung cancer. The available quantitative information has been summarised in the BEIR III report. ' The various estimates of risk for lung cancer among the groups of underground miners have ranged from six to 47 excess cases per 106 person-years and WLM. This variation probably reflects in large part the differences in age and follow 
